measurable targets can be set.
Good bones that should last a lifetime are begun in childhood. Peak bone mass is achieved by 30. Bone loss related to age begins after that, slow at first, quicker later. In women the climacteric acceleration of bone loss additionally exposes them to osteoporosis, so that by the eighth decade one in four women and one in 40 men will have sustained a fracture related to osteoporosis. Opportunities for intervention to prevent osteoporosis exist at all ages and in both sexes.
The clinical outcome of osteoporosis is fracture, but the timing of this catastrophe depends on chance and trauma, usually trauma of the sort which would not be expected to break a normal bone. This is analogous to coronary artery atherosclerosis, which can develop slowly with few or no symptoms until a catastrophe occurs-that is, the artery is suddenly blocked by a thrombus. The catastrophe could not have happened without the underlying causes. The point is important because the professional perception of osteoporosis has in the past been hampered by acceptance of the trauma, rather than the bone weakness, as the cause of the fractures. Strategies to prevent falls and other traumata are important but less so than strategies to prevent the bone weakness in the first place.
The burden of osteoporosis on the individual subject The burden of osteoporosis on the individual subject is probably none until a fracture (bone failure) occurs. Long bone fractures if set properly heal normally and once healed are not painful. Fractures of the spine-that is, crush fractures of the vertebral bodies, heal with irreversible displacement, seen on radiographs as wedged or flattened in shape. The resulting distortion of the spinal anatomy is associated with enduring pain in some subjects and arises from the stresses on the spinal ligaments and apophysial joints and probably also from oedema of nerves because of obstruction to nerve root veins.
When several vertebrae have collapsed loss of truncal height may be as much as 200 mm. This reduces the capacity of the thoracic and abdominal cavities and embarrasses the action of the heart, lungs, stomach, and bladder with difficulties with breathing, hiatus hernia, and incontinence. Hip fractures tend to affect elderly subjects. In contrast, spinal fractures tend to affect younger people. As a result, and because of their adverse effects on the viscera and the enduring pain, they may cause more loss of years of good quality life than do long bone fractures, though clinically less common.
Burden on the nation The burden on the nation is mainly due to hip fractures. The working party of the Royal College of Physicians' found that patients with hip fractures occupied 20% of orthopaedic beds; 80% were in women aged over 65; direct hospital costs were £160m at 1987-8 prices; the incidence of hip fractures rose 254% between 1954 and 1983-and was then still rising, though it has shown signs of levelling off since. The cost will hardly be less than £300m a year at today's prices. About 20% of patients with a hip fracture are dead in six months and of the remainder, about 50% lose independence. The annual cost of hip fractures, when these include the increased need for care by others and the increased morbidity after fracture, is likely now to be around £600m.
Figures for the economic burden of other long bone fractures are more difficult to obtain as such fractures generally do not entail admission to hospital. But any fracture in an elderly person will cause temporary loss ofindependence and costs will arise from this and also for the primary care services.
Estimates of the economic burden caused by spinal crush fractures are also difficult to compute. The disability caused by a spinal fracture varies from nil to complete so this burden cannot be counted in terms of the numbers of people in whom this diagnosis is made. The usual outcome in the more severely affected is a reduction in the ability to work or live independently, with a corresponding increase in the need for help from primary care and specialist hospital services and from caring relatives.
The cost of all fractures related to osteoporosis is today at least £O000m a year.
Opportunities for prevention Opportunities for prevention include both prevention of bone weakness and minimising the burden of hip fractures by preventing falls.
Strategies for prevention of bone weakness are to maximise the strength and mineral content of the skeleton in the years of growth; to maintain the level of the peak bone mass for as long as possible; to slow the rate of bone loss related to age; and, in women, to reduce or prevent climacteric acceleration of bone loss.
Possible targets are an average increase in skeletal height of 10 to 20 mm in the years of growth; an average increase in peak bone mass of 5%; an average 50% decrease in the rate of bone loss related to age; and an average reduction of 50% in the rate of climacteric acceleration of bone loss.
Can these targets be achieved? Children grow taller when they are better fed. One survey of Welsh schoolchildren has shown that about 50% are taking a diet which is calcium deficient.2 A scientifically elegant controlled study in homozygous twins has confirmed the benefit of supplementary calcium in childhood. 3 The implications of this will include maintaining the law for fortifying white bread flour with calcium, a law which is currently threatened by European Community policy against addition of additives. It will also mean that the reintroduction of a free subsidised school milk policy should be considered, along with more attention to the quality of school meals. Achieving the target will certainly include maintaining sports and physical exercise opportunities and strengthening the measures discouraging childhood smoking and alcohol consumption as the latter are associated with an increased risk of osteoporosis.
In young adult life there will be a need to continue good habits with regard to diet, smoking, and alcohol. There is also a need to continue with regular physical activity and this comes down to provision offacilities, particularly in urban areas, and reducing the hours of work and travel to work so that time for exercise is available. The importance of exercise in young adults was emphasised in a recent study.4 At the same time there is a paradoxical effect of over exercise and over training in elite women dancers and athletes, some 30-50% of whom develop oestrogen deficiency, amenorrhoea, and a predisposition to later osteoporosis.6
In bone loss related to age there is now a strong case for increasing the calcium content of deficient diets. A recent prospective controlled study has shown that supplemental calcium is important in women more than six years past the menopause. 5 The authors of that study concluded that 'Healthy older postmenopausal women with a daily calcium intake of less than 400 mg can significantly reduce bone loss by increasing their calcium intake to 800 mg/day'. As in younger age groups continuing appropriate physical exercise, avoiding smoking, and limiting alcohol help protect the skeleton.
Reducing or preventing the climacteric acceleration of bone loss depends almost entirely on adequate oestrogen replacement, balanced with a progestogen in women who have not had a hysterectomy. This is the single most effective and physiological way of maintaining and strengthening the female skeleton. Bone loss caused by falling oestrogen levels is not reversible by calcium supplements.
The climacteric acceleration of bone loss begins about two years before the last menstrual period and continues after it at an exponentially decreasing rate over the next five to 10 years. A woman in her 70s has a bone mass which reflects three things: (a) the bone mass before the climacteric, (b) the postmenopausal rate of bone loss, and (c) its duration. A low initial bone mass, a fast rate of subsequent loss, and an early menopause all predispose to osteoporotic fractures as she ages. Oestrogens will stop the bone loss at any age, but the more years after the menopause the less will be the effect.
Detection of those at risk That one in four women will get a fracture related to osteoporosis means, however, that three in four will not. This demands effectiveness of screening methods to detect those most at risk. Modern dual energy x ray absorptiometers (DEXA) can detect those with low bone mass at the menopause, and biochemical markers of bone breakdown can detect fast rates of bone loss.7 Also at risk are those with early or surgical menopause, those with a history of primary or secondary amenorrhoea, those with chronic liver, kidney, and digestive diseases, those receiving corticosteroid treatment, and those with various rare diseases. Thus most who are at risk can now be identified. Screening for the individual is now practical and hormone replacement therapy continued for many years will reduced the relative risk of hip fractures in women to 0-5 or less. 8 There is less certainty about the necessity for screening whole populations. This is partly due to the fact that a number of studies have confirmed that hormone replacement therapy will also reduce the relative risk of coronary heart disease to 0 5 or less. So a woman thought on screening not to be at risk of osteoporosis might be denied this and other benefits of hormone replacement therapy (reviewed in ref 9 When the 10% of women and the 60% of men who have some underlying cause of their osteoporosis have been detected and treated there remain the 90% and 40% respectively for whom it is necessary to choose the most suitable treatment. Several treatments are available, of which the most outstanding is hormone replacement therapy in women.
For women the United Kingdom consensus seems to be that hormone replacement therapy can be offered up to age 65 or 10 years after the menopause. In the United States these figures would be 70 and 15 years respectively, parti-cularly if the bone density is less than 1-5 standard deviations below the norm.
Endometrial carcinoma is an uncommon tumour but its incidence is multiplied by five or more in postmenopausal women taking continuous unopposed oestrogens. The calendar packs of oestrogen/progesterone combinations reduce the endometrial carcinoma risk to below normal but entail the return to menstrual bleeding in most and premenstrual symptoms in some women-not always welcome. Continuous combined oestrogen and progestogen in younger postmenopausal women and oestrogenonly preparations in older women in whom endometrial atrophy has been established avoid these effects but cannot be generally recommended. Recently licensed for treatment of postmenopausal symptoms (but not for osteoporosis) is tibolone, a synthetic steroid with oestrogenic, androgenic, and progestogenic activities, which does not cause endometrial hyperplasia and has been shown to prevent loss of bone mass in postmenopausal women.'2
Most of the work showing that oestrogens can protect women against coronary heart disease was done using conjugated equine oestrogens (Premarin), which establishes a more favourable blood lipid profile. As yet combined oestrogen and progestogen forms of hormone replacement therapy, and tibalone, have not had the long follow up needed to show reduction of the risk of coronary heart disease, though these do share a more favourable lipid profile. A worry about long term hormone replacement therapy in the treatment of established osteoporosis is breast cancer. A number of studies have been done, none of them perfect. Prospective, randomised trials take a long time and balanced allocation of risk factors between treated and placebo groups has not been straightforward. Not only age but age since menopause, parity, premenopausal contraceptive use, and positive family history of breast cancer are variables which must be successfully randomised. At present there is evidence of a small increase in the diagnosis of breast cancer after 10 years of hormone replacement therapy, but no evidence of an increase in mortality. The results may reflect increased ascertainment in treated women, who are more regularly examined.
Naturally occurring progestogens have a bone protecting effect but have an unfavourable action on blood lipids and blood pressure. It is accepted that these effects do not cancel the favourable effects of oestrogen in combination hormone replacement therapy.
A negative association between onset of rheumatoid arthritis and previous use of noncontraceptive hormones has been shown in a case/control study. '3 The liver metabolises oral oestrogens and reduces their effects, in particular by converting oestradiol into oestriol and oestrone. Chemical modification can protect against this but introduces other complications and uncertainties. Transdermal oestradiol is, however, effective as only a small part will go into the hepatic circulation. Administration by medicated adhesive plaster, by inunction, or by implant are all more 'bioactive' than the same amount given by mouth and, incidentally, have caused greater improvement in bone mass. Vitamin D controls calcium absorption in the proximal intestine, but absorption reflects calcium concentration in the distal ileum, and so taking more in the diet will increase the total absorbed but not proportionally.
Older people are less efficient at absorbing calcium, so should take more (but often take less). The frail elderly and the disabled who seldom get out in the sun may also be marginally depleted of vitamin D.
Polypharmacy within the range of existing treatments or in combinations with candidate treatments is under investigation in many centres in the hope of promoting bone formation while stopping bone resorption. Raised professional awareness of the burden of osteoporosis has meant that the medical industry perceives a market, and this has stimulated research into new drugs.
Treatments not based on drugs may, however, have major impact on the lives of those with osteoporosis. These range from physiotherapy and exercise schedules, which will safely increase muscle strength and coordination, to car seats adapted to the shorter truncal height, to specially designed clothing to hide ugly hump backs, thus improving self confidence. Weightbearing exercises are best, but hydrotherapy is useful to get painful limbs and weak muscles going again after a spinal or hip fracture. Orthopaedic surgery has made great advances in the internal splinting of long bone fractures, though total hip arthroplasty may be the best solution for an osteoporotic fractured neck of femur.
The attitude 'Nothing can be done, dearyou'll have to learn to live with it' should now be a thing of the past.
